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Through the kindness of my colleague, Dr.  Carl A.  Hamann, I 
have been enabled to  study two cases in  which he successfully li- 
gated the  innominate and  common carotid arteries  for subclavian 
aneurysm.  I  have  employed the  method of measuring the  blood 
flow in the hands previously described by me.  1 
The  results  in the  first case,  that  of  Mrs.  K.,  68  years  of  age,  have  already 
been  published,  2  and  need  only  be  briefly  alluded  to  here  for  comparison  with 
the  second  case.  I  did  not  have  the  opportunity  of  examining  the  blood  flow 
before  the  operation  on  Mrs.  K.  The  operation  was  performed  on  Feb.  26, 
1913.  On  Mar.  20,  the  flow  in  the right hand  was  1.5o  gin.  per  IOO  cc.  of  hand 
per  minute, and in the  left 5.32  gin.  (ratio  I : 3.54),  with  room  temperature 26.7  ° 
C.  On  Mar.  21  the  flows  were  1.83  gin.  and  6.38  gin.  for  the  right  and  left 
hands,  respectively  (ratio  I:3.48),  with  room  temperature  22.7  °  C.  On  July  9, 
1913  (19  weeks  after  the  operation),  the  flow  in  the  right  hand  was  8.26  gin. 
per  IOO cc.  per  minute  and  in  the  left  lO.69  gin.  (ratio  I : 1.3) ,  with  room  tem- 
perature 26.2  °  C.  There was no pulse in the accessible arteries of the right arm. 
Yet it is obvious  from the blood flow measurements that a  very satisfactory col- 
lateral  circulation  had been  established.  At the present  time the  patient is  still 
alive,  and  a  pulse has  returned. 
The  second  case  was  that of  a  colored man,  Arthur B.,  aged  25 years,  height 
5  feet, 4  inches, weight  I32 pounds.  He was  admitted to  the City Hospital  May 
6,  1915,  complaining  of  pain  in  the  right  shoulder  and  right  arm.  The  pain 
began 3  weeks  before he  applied  for admission coincidently with the  appearance 
of  a  small  lump  below  the  right clavicle,  which  rapidly  increased  in  size.  The 
pain and muscular weakness in the right arm soon forced him to quit work.  On 
admission the loss  of  power  in the right  forearm  and hand was  marked;  in the 
upper arm and shoulder it was less marked, though evident.  There is no atrophy 
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or  edema  of  the  right arm.  The  circumference  of  the  right arm  at  the middle 
of  the biceps is 3o cm.,  of  the left 27 cm.  The  circumference of  the right fore- 
arm  is 28H  cm.,  of  the  left 27  cm.  The  man  is  right handed.  The  left  radial 
pulse  is  of greater volume  than the  right.  The  pulse  in  the two  radials  is  syn- 
chronous.  Blood  pressure  in  right  arm,  systolic  IiO,  diastolic  88;  in  left  arm, 
systolic  13o,  diastolic 7o.  The fingers of the right hand are markedly clubbed. 
May  II,  1915.  Blood:  leucocytes  II,6OO, hemoglobin  8o  per  cent.  Wasser- 
mann +  +  +. 
On  May  II  the innominate and common  carotid  arteries  were ligated. 
May  19,  1915.  He  is  fairly  well.  The  right  hand  is  not  cold,  He  has  no 
pain  in the right  arm,  but the  arm  and  hand  feel tired.  The  radial  side  of  the 
palm  of  the hand  feels  numb.  There  is  no  pulse  at  the  left  wrist.  Pulse  rate 
II6  (sitting).  The blood flow in the hands was measured  May 8,  that is, 3 days 
before the operation, and again on May 22,  II  days after the operation.  Further 
examinations were made on May 28, June 4,  and June  II. 
The  patient's  friends  prevailed  on  him  to  leave  the hospital  on  May  24,  and 
he subsequently returned  from time to  time for the blood flow  examinations. 
On  May 8  the  flow in the  right  hand  was  12.52  grams  per  IOO 
cc. of hand per minute for the last nine minutes in the calorimeters, 
and that in the left hand 6.36 grams, with average room temperature 
of 22.5 ° C.  It may appear puzzling at first thought that the flow in 
the right hand should be double that in the left, while the amplitude 
of the  right  radial  pulse  is so much  smaller  than  that  of the  left. 
The  pulse as  felt by the finger,  however,  is only a  rough  criterion 
of the blood flow on the assumption t,h,at the anatomical  conditions 
are normal.  In the present case the pulse wave must be supposed to 
be greatly diminished  and its  form distorted in passing through  the 
aneurysm,  but that  is no reason  for expecting that  the mass move- 
ment of the blood should be diminished  as well.  The systolic pres- 
sure  in  the  right  arm  was  IiO,  the  diastolic  88  ram.  of  mercury. 
The  pulse  pressure,  which  can  alone  be  detected  by the  finger,  is 
only 22 ram.  of mercury.  In the left arm the systolic pressure was 
13o,  the  diastolic  7o,  and  the  pulse  pressure  6o ram.  of  mercury. 
But  while  this  makes  it  clear  that  there  is  no  ground  for  expect- 
ing  a  smaller  flow  on  the  side  of  the  smaller  pulse,  why  should 
the flow 'be so much larger  on that side ?  The explanation  is prob- 
ably twofold: first,  there is evidence of pressure on constituents  of 
the brachial  plexus supplying the  right  hand.  Now pressure suffi- 
cient to cause loss of power in the skeletal muscles may be assumed 
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fibers in the brachial plexus  cannot conceivably be protected  from 
the pressure.  A  loss  of vasomotor tone in  a  hand  will  of  course 
be accompanied by an increased blood flow.  As a matter of fact, I 
have found that in early unilateral brachial neuritis the blood flow 
in the corresponding hand is  decidedly greater than in the normal 
hand.  Secondly,  it  is  very likely that  a  dilated  right  subclavian 
artery  offers  a  freer  passage  to  the  blood  than  the  normal  left 
subclavian does.  That such reciprocal relations have an important 
influence on the distribution  of  the blood  is  indicated in  an  inter- 
esting manner by the  results  of  the  first blood  flow  examination 
after  ligation  of the innominate.  On  May 22  (eleven days  after 
the operation.)  the flow in the right hand was 3-44  grams per  ioo 
cc. per minute and that in the left hand I5.38 grams (ratio  I :4.47), 
with room temperature 25.o ° C.  The flow in the right hand has, of 
course, been greatly reduced by the ligation, but the interesting point 
is that the flow in the left hand has been correspondingly increased. 
Thus,  lOO co.  of right hand  and  lOO ec.  of left hand together re- 
ceived  18.88  grams  of  blood  per  minute  before  the  ligation  and 
18.82 grams after ligation, exactly the same amount.  But the dis- 
tribution  is  totally different.  Of course, this  extremely exact cor- 
respondence is  accidental, but it  cannot be accidental that the flow 
in  the  left  hand  should  have  been  so  much  smaller  than  that  in 
the  right  before  the  operation  and  should  have  been  so  greatly 
increased after it.  The cutting off of the path through the innomi- 
hate and right common carotid obviously permitted more blood to 
enter the alternative  route  of the left subclavian  and  left carotid. 
That the flow in the left carotid was increased after the operation 
was indicated by the plainly visible  throbbing  of the left temporal 
artery.  I  have elsewhere discussed  3 the reciprocal effect of occlu- 
sion of one path upon the corresponding vascular path on the other 
side of the body. 
The next blood flow examination was made on May 28  (seven- 
teen days after the ligalion).  The flow in the right hand was 4.76 
grams,  and in the left  15.31  grams per  IOO cc.  per minute  (for a 
period of five minutes when the flows were at the maximum for the 
two  hands),  with  room  temperature  26.0 °  C.  The  ratio  of  the 
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flows was  I  to 3.21,  indicating  a  steady improvement  in the  collat- 
eral  circulation.  Including  a  period  of  vasoconstriction  due  to  a 
psychical cause, which of course diminished  the circulation  more in 
the  left hand  than  in  the  right,  the  flows  (for  ten  minutes)  were 
4.15  grams  per  IOO cc.  per  minute  for the  right  and  12.17  grams 
for the left hand  (ratio  I  to 2.93 ).  The reflex change in the flow 
elicited  in  the  right  hand  by  immersing  the  left  hand  in  warm 
water was small, as is always the case in a  part whose circulation is 
mechanically  obstructed.  For  the  three  minutes  immediately  pre- 
ceding the vasomotor test the flow in the right  hand was 4.04 grams 
per IOO cc. per minute.  For the first four minutes of immersion of 
the left hand in warm water the flow in the right sank to 3.05 grams 
per ioo cc. per minute,  to rise to 4.86 grams per  IOO cc. per minute 
for the  remaining  four minutes  of  the  period,  an  insignificant  re- 
action. 
On  June  4  (twenty-four  days  after  the  operation)  the  flow  in 
the  right  hand  was  4.86  grams  and  in  t,he  left  9.oo  grams  (ratio 
I  to 1.85)  per  IOO cc. per minute  for the last  18 minutes  in the cal- 
orirneters,  with  room  temperature  23.9 °  C.  The  patient  came  to 
the hospital for the examination on rather a  cool morning, naturally 
with bare hands, and  vasoconstriction due to this  was probably re- 
sponsible for cutting down the flow in the left hand.  For the reason 
already given the  effect on the  right  hand  would be comparatively 
insignificant.  The  ratio  is therefore  probably to some extent  arti- 
ficial, and gives an unduly favorable view of the development of the 
collateral  circulation  at  this  time.  Nevertheless  the  fact  that  in 
spite of the vasoconstriction the flow. in the right  hand is absolutely 
greater than  at the last examination  shows  clearly enough that the 
collateral  circulation  is  still  opening  up. 
The  last  examination  was  made  on  June  II  (thirty-one  days 
after  the  operation).  The  right  hand  was now being  freely used, 
the  only  symptoms  which  troubled  the  patient  being  numbness 
along  the  palmar  surface  of  the  thumb  and  the  radial  surface  of 
the  index  finger.  The  hand  was  fairly  strong,  although  not  of 
course as strong as the left hand.  The flow in the right  hand  was 
8.55 grams per IOO cc. per minute and in the left 14.24 grams  (ratio 
I  to  1.66).  There  was  no  pulse  in  the  accessible  arteries  of  the 
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The  collateral  circulation  has  therefore developed  much  more 
rapidly than in the other case.  This is doubtless to be attributed in 
part at least to the youth of the patient and the consequent greater 
distensibility of his  arteries and  the  greater driving power  of his 
heart. 
Protocols. 
First Examination  of Blood Flow.--Arthur  B.  May 8,  1915.  Hands  in bath 
at  lO.27  a. m.,  in calorimeters at  IO.38~,  out of  calorimeters at  lO.51.  Pulse 84. 
Time. 
Temperature of 
Calorimeters. 
Right.  Left. 
Io.38  31.3I  31.21 
Io.4o  31.36  31.22 
IO.4I  31.38  31.25 
Io.42  31.42  31.26 
Io.43  31.49  31.28 
Io.44  31.56  31.3o 
10.45  31.64  31.33 
Room. 
21.4 
21. 9 
Time. 
Io.46 
Io.47 
Io.48 
lO.49 
lO.5O 
lO.51 
1i.o2 
Temperature of 
Calorimeters. 
Right__  Left. 
31.73  31.39 
31.79  31.41 
31.84  31.425 
31.92  31.45 
31.99  31.47 
32.o5  31-495 
31.89  31.33 
Room, 
22.I 
22.5 
22.9 
Cooling  of  calorimeters  in  II  minutes,  right  o.16  °,  left  o.165 °.  Volume  of 
right hand  482  cc.,  of  left 427  cc.  Water  equivalent of  calorimeters  with  con- 
tents,  right 3,48o,  left 3,436.  Rectal temperature 37.65 °  C. 
Second  Examlnation.--May  22,  1915.  Hands  in  bath  at  2.11  p.  m.,  in 
calorimeters  at 2.20,  out of  calorimeters at 2.31.  Pulse  IOO. 
Time. 
2.19 
2.21 
2.22 
2.23 
2.24 
2.25 
2.26 
Temperature of 
Calorimeters. 
Right.  [  Left. 
31.98  31.98 
31.96  32.02 
31"97  /  32"°8 
31.97  ]  32.14 
31.975  32.2o 
31"98  [  32.26 
32.00  /  32.34 
Room. 
25.0 
25.0 
25.0 
Time. 
Temperature o! 
Calorimeters. 
Right.  Left. 
2.27  32.O15  32.41 
2.28  32.03  32.48 
2.29  32.04  32.55 
2.30  32.055  32.62 
2.31  32.o7  32.68 
2.43  31.95  32.54 
Room. 
25.1 
25.0 
Cooling  of  calorimeters  in  I2  minutes,  right  o.12  °,  left  o.14  °.  Volume  of 
right hand 485  cc.,  of  left 41o cc.  The mark on the left wrist was  inadvertently 
put somewhat lower  than usual,  so  that a  somewhat  smaller volume  of  the  left 
hand  was  in  the  calorimeter.  Water  equivalent  of  calorimeters  with  contents, 
right 3,483,  left 3,423  co.  Mouth  temperature  37.o  °  C. 
Third  Examlnation.--May  28,  1915.  Hands  in  bath  at  2.IO~  p.  m.,  in 
calorimeters  at  2.22.  At  2.36  the  left  hand  was  immersed  in  water  at  44  °  C. 
At 2.44 the right hand was removed frbm the calorimeter. G.  N.  Stewart.  699 
Temperature of 
Time.  Calorimeters. 
Right.  Left. 
2.21  31.95  31.95 
2.23  31.945  31.99 
2.24  31.96  32.04 
2.25  31.97  32.08 
2.26  31-975  32.I2 
2.27  31.985  32.16 
2.28  31-99  32.21 
2.29  32.005  32.27 
2.30  32.02  32.34 
2.31  32.04  32.40 
2.32  32.055  32.47 
2.33*  32.08  32.54 
I 
Room 
25.9 
26.0 
26.0 
26.1 
26.1 
Time. 
Right. 
2.34  32.o9 
2.35  32.1o5 
2.36  32.12 
2.37  32.125 
2.38  32.135 
2.39  32.I4 
2.40  32.I 5 
2.41  32.165 
2.42  32.185 
2.43  32.205 
2.44  32.22 
2.52  32.14 
Temperature of 
Calorimeters. 
Room. 
Left. 
32.58  25-9 
32.63 
32.67 
25.7 
25.9 
25-9 
32.48 
* Here he began to concern himself about the preparations being made  for the 
warm  water  test, causing some psychical vasoconstriction. 
Cooling  of  calorimeters,  right  0.o8  °  in  8  minutes,  left  o.19 °  in  16  minutes. 
Volume of  right  hand  458  cc.,  of  left 420  cc.  Water  equivalent  of calorimeters 
with contents, right 3,461,  left 3,431  cc.  Rectal temperature 37.44 °  C. 
Fourth  Examination.--June  4,  I915.  The  day  was  rather  cool  and  the  ex- 
amination  was  begun  soon  after  his  arrival  at  the  hospital.  Paise  78.  Hands 
in  bath  at  11.33  a.  m.,  in  calorimeters  at  II.421,6,  out  of calorimeters  at  12.o5. 
Time. 
II.42 
I 1.44 
I 1.45 
I 1.46 
II.47 
11.48 
I 1.49 
II.50 
II.SI 
11.52 
I1.53 
I1.54 
11.55 
Temperature of  [ 
Calorimeters.  [ 
---  --I  Room.  [ 
Right.  Left.  __[ 
I 
31.70  31.65  [ 
31.68  31.66  [  23.6 
31.69  31.67  23.8 
31.69:  31.675  23.8 
31.70 
31.71 
31.73 
31.74 
31.75 
31.7M 
31.76 
l 31.77.' 
31.79.  c 
31.70 
31.74 
31.78 
31.80 
31.83 
31.85 
31.88 
31.92 
31.95 
24.0 
23.9 
24.0 
23.9 
Time. 
II.56 
II.57 
11.58 
11.59 
I2.00 
I2.0I* 
12.02 
12.03 
I2.O 4 
12,0 5 
I2.I 3 
_  Temperature of 
Calorimeters. 
Right.  Left. 
Room. 
31.8o$  31.975 
31.82  32.Ol 
31.83  32.04 
31.845  32.o7 
31.855  32.09 
31.875  32.14 
31.895  32.I75 
31.91  32.19 
31.925  32.23 
31.95  32.275 
31.84  32.16 
23.9 
24.o 
24.o 
*Here he is beginning to  fidget and  says the right arm  and  hand  are getting 
tired. 
Cooling  of  calorimeters  in  8  minutes,  right  o.II °,  left  o.II5 °.  Volume  of 
right  hand  446  cc.,  of  left 413  cc.  Water  equivalent  of  calorimeters  with  con- 
tents,  right 3,452,  left 3,425.  Rectal  temperature  37.I9 °  C. 7O0  Studies  on  the  Circulation  in  Man. 
Fifth Examination.--June  II,  1915.  Pulse  84.  Hands  in bath  at  11.o3  a.  m., 
in calorimeters  at  ii.i23~,  out  of  calorimeters  at  11.3o. 
Time. 
----  --  l-  Right.  __ 
11.12  31-77 
11.14  31.8o 
11.15  31.84 
11.16  31.88 
11.17  31.9o  5 
11.18  31.93 
11.19  31.965 
II.20  32.00 
11.21  32.04  i 
11.22  32.07 
Temperature of 
Calorimeters. 
Left. 
31.74 
31.79 
31.85 
31.91 
31.97 
32.02 
32.075 
32-135 
32.18 
32.24 
Room. 
25.0 
25.I 
25.0 
2,5.0 
Time. 
11.23 
11.24 
11.25 
11.26 
11.27 
11.28 
11.29 
11.3o 
11.37 
Temperature of 
Calorilneters. 
Right,  Left, __ .... 
32.I0  32.29  I 
32.13  32.35 
32.165  32.41  i 
32.20  32.46 
32.24  32.515 
32.26  32.56 
32.29  32.61 
32.32  32.66  i 
32.235  32.57  ] 
Room. 
25.1 
25.1 
Cooling  of  calorimeters  in  7  minutes,  right  0.o85 °,  left  0.09 °.  Volume  of 
right hand 457 cc., of left 425 cc.  Water  equivalent  of  calorimeters  with  contents, 
right 3,460,  left  3,435  cc.  Rectal  temperature  36.91°  C. 
SUMMARY. 
The development of the collateral circulation after ligation of the 
innominate  and  right  common  carotid  arteries  for  subclavian 
aneurysm  was  studied  in two cases  by measuring  the rate of  blood 
flow in the hands  from time to time. 
In  a  woman,  sixty-eight  years  old,  the  flow  in  the  right  hand 
three weeks after the operation was two-seven,ths of that in the left. 
Nineteen  weeks  after the operation  the flow in  the right hand  was 
more  than  three-fourths  of  that  in  the  left,  although  no  pulse  re- 
turned until long afterwards. 
In a man, twenty-five years old, the flow in the right hand eleven 
days  after  the  operation  was between  one-fourth  and  one-fifth  of 
that in the left.  Seventeen days after the operation the flow in the 
right  hand  was  nearly  one-third  of  the flow  in the Ieft.  Twenty- 
four  days  ,after  the  operation  the  flow  in  the  right  hand  had  in- 
creased  to  more  than  one-half  of  the  left  hand  flow.  Thirty-one 
days  after the operation the flow in the right hand was three-fifths 
of that in the left, without return, as yet,  of any pulsation. 
Before  the  operation  the  flow in  the  right  hand  was  markedly 
greater than in the left, notwithstanding  the small  size of the right 
radial pulse as compared with the left.  The explanation of this fact 
is  dis'cussed. 